Abstract. as a member of the cysteine protease family, cathepsin S (cTSS) serves an important role in diseases such as cancer, arthritis and atherosclerosis. nevertheless, its role in renal fibrosis is unknown. In the present study, the effects of CTSS on renal fibrosis in mild (group M) and severe (group S) hydronephrosis were studied by reverse transcription-quantitative PCR (RT-qPCR), western blot analysis (WB), Masson's trichrome staining and immunohistochemical staining in mouse models. The effects of cTSS on extracellular matrix (ecM) deposition and epithelial-mesenchymal transition (eMT) and the potential mechanisms were further studied by RT-qPCR and WB in transforming growth factor (TGF-β1)-stimulated TcMK-1 cells. Compared with group N (no hydronephrosis), the expression levels of CTSS in the M and S groups were significantly higher, and a significant increase in ECM deposition was observed in the S group. In addition, compared with group N, the expression levels of TGF-β1, α-smooth muscle actin (α-SMa), SMad2, SMAD3, phosphorylated (p)SMAD2 and pSMAD3 in groups M and S were significantly higher, whereas the expression of E-cadherin was significantly lower. Inhibition of CTSS expression increased the expression levels of TGF-β1, α-SMa, fibronectin, collagen-I, SMAD2, SMAD3, pSMAD2 and pSMAD3, whereas E-cadherin expression decreased. A significant increase in CTSS was observed in the TGF-β1-stimulated TCMK-1 cell line. ECM deposition and EMT were also intensified. The opposite outcomes occurred after intervention with small interfering RNA targeting CTSS. In conclusion, cTSS affected eMT and the deposition of ecM. cTSS may mediate the regulation of fibrosis by the TGF-β/SMAD signaling pathway. CTSS may serve an important role in the treatment of renal fibrosis.
Introduction
Renal fibrosis is a long-term manifestation of tissue damage (1, 2) . During its progression, as normal renal tissues and structures are gradually replaced by extracellular matrix (ECM), renal function declines, eventually leading to end-stage renal failure (3, 4) . Although cathepsin S (CTSS) generally degrades unwanted proteins inside cells, cysteine cathepsins also bind to cell surface receptors on the plasma membrane in the pericellular environment, are involved in soluble enzyme activity and may even be detected in secretory vesicles, cytosol, mitochondria and within the nuclei of eukaryotic cells (5-7). CTSS participates not only in the regulation of hepatic fibrosis but also in ventricular remodeling after myocardial infarction (8) . a number of reports have indicated that CTSS serves an important role in the pathogenesis of fibrotic diseases such as airway fibrosis, atherosclerosis and Sjögren's syndrome (9) (10) (11) (12) . Therefore, it is necessary to clarify whether CTSS is involved in renal fibrosis and to explore its mechanisms. TGF-β is a secreted protein, and many related studies have confirmed the important role of TGF-β in the process of fibrosis, which regulates EMT and promotes the proliferation and activation of interstitial fibroblasts. Whether the effect of CTSS on renal fibrosis is related to TGF-β was also studied.
In clinical practice, patients with urinary stones, especially upper urinary tract stones, often have varying degrees of accompanying hydronephrosis. Our previous studies demonstrated that hydronephrosis increased damage to the kidneys (13, 14) . However, hydronephrosis is not only associated with injury; there are also reports of hydronephrosis with fibrosis (15, 16) . In addition, the severity of hydronephrosis may be an important factor in the treatment of upper urinary tract stones; treatment options often depend on the degree of hydronephrosis. Therefore, whether different degrees of hydronephrosis have different effects on renal fibrosis is another issue that needs to be addressed.
In the present study, the relationship between hydronephrosis and renal fibrosis was demonstrated. The role of CTSS in the pathogenesis of renal fibrosis was also studied in a mouse model of mild and severe hydronephrosis. The results indicated that CTSS may be an important influencing factor in the process of renal fibrosis. The animals were randomly divided into two groups, the control group and the inhibitor group. Each group was divided into three subgroups (n=6 mice/group): The no hydronephrosis (N) groups (N, 'no inhibitor'; Ni, 'inhibitor'); the mild hydronephrosis (M) groups (M, 'no inhibitor'; Mi, 'inhibitor'); and the severe hydronephrosis (S) groups (S, 'no inhibitor'; Si, 'inhibitor').
Cathepsin S regulates renal fibrosis in mouse models
Surgical manipulation. Mice were anesthetized with 0.3% pentobarbital sodium [30 mg/kg; intraperitoneal (i.p.) injection]. The mice were supine on a temperature-controlled operating table. A 1.5-3 cm incision was made in the left lower abdomen, exposing the left ureter. A polyethylene catheter (~2 cm) was cut open lengthwise and placed in the ureter The upper and lower ends of the polyethylene catheter were ligated, and the abdominal cavity was closed and sterilized. In the N groups, the abdominal cavity was opened without ligation of the ureter. Penicillin was injected i.p. every day after surgery to prevent infection.
B-ultrasound examination was performed on day 3 post-surgery in the M groups and on day 7 in the S groups to determine the formation of hydronephrosis. Various degrees of renal hydronephrosis were observed. In the N groups, no separation of the collection system was observed. In the M groups, separation of the collection system and a small number of liquid dark areas were observed; in the S group, the collection system was significantly separated, with renal parenchymal thinning and fluid dark areas occupying most of the kidney. B-ultrasound was used to examine the degree of renal pelvis dilation and the thickness of the renal parenchyma to determine whether the mild and severe hydronephrosis model was successfully constructed. In the 'inhibitor' groups, all mice were treated identically, and the CTSS inhibitor LY3000328 (30 mg/kg; Absin, abs811344; http://www.univ-bio.com/good s-5951366-abs811344-5mg-Z-FL-COCHO.html) was administered orally twice per day from day 1. The Ni group was given the solvent for LY3000328 (1% Sodium Carboxymethyl cellulose).
The mice were sacrificed after 48 h, and the kidneys were harvested. Kidney tissue was randomly divided into two parts; one part fixed in 4% paraformaldehyde for paraffin embedding and the other part preserved in liquid nitrogen for western blotting and other tests.
Masson's trichrome staining. The Masson staining kit (Servicebio Inc., G1006) was used in accordance with the manufacturer's protocol. The 4-µm sections were warmed at 60˚C for 45 min, and placed in xylene I 20 min, xylene II 20 min, absolute ethanol i 5 min, absolute ethanol ii 5 min, 75% alcohol 5 min and a tap water wash x2. For sodium dichromate staining the section was soaked in 3% potassium dichromate at room temperature overnight then washed with tap water three times before staining in iron hematoxylin for 3 min followed by washing with tap water, differentiation with acid alcohol and rinsing with tap water four times. Then the section were stained with Lichun red acid magenta for 5-10 min followed by rinsing with tap water. Foe the 5, phosphomolybdic acid step, the sections were placed in phosphomolybdic acid aqueous solution for 1-3 min. For the aniline blue staining the sections were directly into the aniline blue dye solution for 3-6 min. The sections were differentiated with 1% glacial acetic acid and dehydrated with two changes of absolute ethanol before a third immersion in absolute ethanol for 5 min followed by clearing in xylene for 5 min and mounting in neutral gum seal.
Immunohistochemical staining. The oven was set to 60˚C, and the sections baked for 45 min; the dewaxed sections were reacted with xylene at room temperature for 10 min 3 times; then the sections were placed in gradient concentrations of alcohol (anhydrous, 95, 85 and 75%) for 5, 2 min (twice), 2 and 2 min respectively. The residual ethanol was washed off with tap water and the section soaked in distilled water for 2 min twice. PBS solution (Hyclone; GE Healthcare Life Sciences, SH30256.01) was added to the section for 5 min and the section then immersed in an antigen retrieval solution (Servicebio Inc., G1201), and the antigen was retrieved by microwave (low power 5 min, medium power 10 min). Endogenous peroxidase was removed using 3% hydrogen peroxide and the following primary antibodies were added: Biotin-labeled secondary antibody was added dropwise (secondary antibody was derived from immunohistochemistry kit, OriGene Technologies, Inc., SPN-9001, 9002), diluted 1:300 in 1% BSA-PBS, incubated at 37˚C for 30 min and then rinsed in PBS for 3 min 3 times. Horseradish enzyme labeled streptavidin was added dropwise and then section rinsed in PBS for 3 min 3 times. Color development was performed with a developer (DAB; OriGene Technologies, Inc., ZLI-9017). The reaction was observed under a routine brightfield microscope (magnification, x400; BX51; Olympus Corporation), followed by washing with water to stop the reaction.
Ten fields of view were randomly selected for each slice and analyzed with ImagePro-Plus 6.0 (Media Cybernetics, Inc.). Two parameters, positive area (Area) and integrated optical density (IOD), were measured. The mean optical density (MOD=IOD/Area) was calculated to measure the expression of indicators.
Western blotting. Frozen kidney tissue was homogenized on ice, and RIPA lysate containing PMSF was added for 30 min (1 ml RIPA lysate to 100 mg of tissue). The mixture was centrifuged at 12,000 x g and 4˚C for 15 min), the supernatants were removed, loading buffer was added and boiled for 8 min. Following cooling, proteins were stored at -20˚C. Protein concentrations were measured using the bicinchoninic acid assay. Proteins (50 µg) were separated by 12% SDS-PAGE, transferred onto PVDF membranes and blocked with 5% skimmed milk at room temperature for 2 h. The PVDF membranes were incubated with primary antibodies overnight at 4˚C. The PVDF membranes were subsequently rinsed with -Tris-HCl buffer containing Tween-20 (1 ml Tween-20 to 1000 ml Tris-HCl buffer) and the reaction with the secondary antibody was carried out for 1 h at room temperature. The Odyssey infrared imaging system (LI-COR Biosciences) was used to analyze the expression levels of the target protein and the relative band intensity was quantified using Quantity One 4.6.2 software (Bio-Rad Laboratories, Inc.). GAPDH was used as an internal reference. The following antibodies were used in this process: CTSS (1: Cell culture and treatment. The tubular epithelial cell line TCMK-1 (cat. no. CCL-139; American Type Culture Collection) was cultured in DMEM containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin-streptomycin and incubated at 37˚C in 5% CO 2 . The siRNA and RNAi sequences targeting the mouse CTSS gene were designed and synthesized by Guangzhou RiboBio Co., Ltd. The siRNA sequence was as follows: 5'-CTA CAA AGC CAC GGA TGA A-3'. 5'-TTC GCG ACA AAA CAG ACG A-3' was used as a negative control. TGF-β1 (Bio-Techne, 7666-MB) was added 12 h after siRNA treatment.
Statistical analysis. data are expressed as the mean ± Sd. Statistical significance was assessed by ANOVA with subsequent Student-Newman-Keuls test using SPSS 15.0 software (SPSS, Inc.). P<0.05 was considered to indicate a statistically significant difference.
Results

CTSS expression in kidneys with various degrees of hydronephrosis and TGF-β1 increases the expression of CTSS in TCMK-1 cells. sirna-cTSS inhibits the expression of cTSS in
TcMK-1 cells. The expression of cTSS in the hydronephrotic kidney was examined. Within the N, M and S groups, the expression of CTSS in the control group was significantly higher compared with the inhibitor group (Fig. 1A-E) . The expression of CTSS in the M and S groups was significantly higher compared with the N group (Fig. 1B) . Changes in CTSS expression in TCMK-1 cells were measured following 24-h incubation with 1, 5 or 10 ng/ml TGF-β1 or no TGF-β1 (control). TGF-β1 increased the expression of CTSS in TCMK-1 cells at an optimal TGF-β1 concentration of 10 ng/ml (Fig. 1F-H) . WB and PCR confirmed that the sirna-cTSS constructed for the present study can effectively inhibit the expression of CTSS in TCMK-1 cells (Fig. 1I-K) .
Fibrosis with hydronephrosis and TCMK-1 cell fibrosis induced by TGF-β stimulation are associated with enhancement of ECM accumulation and epithelialmesenchymal transition (EMT)
, the TGF-β/Smad signaling pathway has also been affected. ecM deposition in hydronephrotic kidneys was greater compared with normal kidneys. Significant increases in the expression of collagen-I, FN, SMAD2 and SMAD3 were observed in the S group compared with the N group (Figs. 2A-I and 3A, C and D) . In addition, the expression levels of TGF-β1, α-SMa, p-SMad2 and pSMAD3 were significantly higher in the M and S groups, whereas the levels of E-cadherin were lower compared with the N group (Figs. 3A, E-H and 4A-I). Masson's trichrome staining demonstrated increased fibrosis in the hydronephrotic kidneys compared with normal kidneys (Fig. 5A) .
In TGF-β1-stimulated TCMK-1 cell lines, western blotting and RT-qPCR assays revealed significant increases in α-SMa, COL-1, FN, SMAD2, SMAD3, pSMAD2 and pSMAD3 expression levels and a decrease in E-cadherin compared with non-stimulated cells (Figs. 2j-N, 3B, I-L and 4j-N) .
Inhibition of CTSS expression affects renal fibrosis.
Following CTSS inhibition, the expression levels of COL-1, FN, α-SMA, pSMAD2 and pSMAD3 were significantly higher, whereas the expression levels of E-cadherin were lower in the 'inhibitor' groups compared with the 'no inhibitor' groups ( Figs. 2A-I, 3A , E, F and 4A-I). Masson's trichrome staining demonstrated markedly greater collagen deposition in the 'inhibitor' groups compared with the corresponding 'no inhibitor' groups (Fig. 5) . Notably, compared with the S group, SMAD2 and SMAD3 expression levels in the Si group were significantly higher, whereas there was no significant increase was observed in the Mi group compared with the M group (Fig. 3A, C and D) . In addition, compared with the corresponding 'no inhibitor' groups, the TGF-β1 expression levels in the Mi group were significantly higher, whereas there was no significant increase in the Si group (Fig. 3A, G) .
Following TGF-β1 treatment, TGF-β1-stimulated TcMK-1 cells exhibited significantly higher expression levels of α-SMa, collagen-I, FN, SMAD2, SMAD3, pSMAD2 and pSMAD3 in the siRNA-CTSS group compared with the scramble group, with lower E-cadherin levels; in the absence of TGF-β1, such changes did not occur (Figs. 2j-N, 3B, I-L and 4j-N) . 
Discussion
Obstructive nephropathy is often accompanied by varying degrees of hydronephrosis (18) . Research on the pathogenesis of hydronephrosis may contribute to the development of antifibrotic therapeutic protocols. To the best of our knowledge, the present study was the first to reveal that CTSS may be involved in renal fibrosis and that the downregulation of CTSS may promote ECM deposition and EMT. Furthermore, the regulation of renal fibrosis by CTSS may be related to the phosphorylation of SMad2 and SMad3.
The causes of renal fibrosis are diverse; inflammation, injury, ischemia and reperfusion can all lead to renal fibrosis (19) (20) (21) (22) (23) . There have been multiple studies on the cellular mechanisms of renal fibrosis, many of which primarily focused on EMT and ecM (24, 25) . nevertheless, the mechanism of renal fibrosis remains controversial (26) (27) (28) . The role of EMT in the progression of renal fibrosis has not been determined (29, 30) . Nevertheless, kidney fibrosis with various causes eventually occurs through the deposition of ECM. CTSS is a member of the cysteine protease family; it degrades certain components of ECM, such as collagen and FN (31) . Inhibition of CTSS may directly or indirectly affect the expression or degradation of these ecM proteins.
The expression of CTSS was measured in kidneys with varying degrees of hydronephrosis prior to treatment with the selective CTSS inhibitor LY3000328 (32) to observe whether reducing the expression of CTSS may affect the progression of renal fibrosis. In the 'non-inhibitor' groups, the collagen-I and FN levels in the M group were insignificantly higher compared with the N group, whereas significant ECM deposition was observed in the S group. As important components of ECM, collagen-I and FN are often used to indicate the severity of fibrosis (33) . In the non-inhibitor groups, ECM deposition did not change significantly in the M group but increased significantly in the S group. This suggested that although hydronephrosis is associated with renal fibrosis, only hydronephrosis develops to a certain stage leading to that only 5% of the myofibroblasts in the fibrosis process are related to eMT, and that eMT plays only a limited role in the process of fibrosis. In the present study, the expression levels of α-SMA increased in the M and S groups, whereas E-cadherin levels decreased. In the traditional view, EMT is initiated by the activation of α-SMa-positive cells, and increased expression of α-SMa indicates that the cells gradually lose the epithelial phenotype and convert to mesenchymal cells (35) . As an epithelial marker, E-cadherin is often used together with α-SMA to monitor the progression of EMT (36) . Although the results of the present study cannot confirm whether the complete EMT process was involved in the development of renal fibrosis, a proposal of partial EMT was previously validated by changes in α-SMa and E-cadherin (37) . It is uncertain whether epithelial cells eventually transform into mesenchymal cells; epithelial cells may undergo some changes and participate in cell signal transduction during fibrosis. As a classical signaling pathway, the TGF-β1 signaling pathway has been mentioned in several studies (38) . in the present study, the expression levels of SMAD2/3 and p-SMAD2/3 were significantly higher in the S group compared with the N group, whereas the levels of TGF-β1 were notably higher in the M group compared with the N group. This result suggested that fibrosis of the hydronephrotic kidney may involve activation of the TGF-β1 signaling pathway.
As SMAD2/3 is a downstream cytokine of TGF-β1, the changes in TGF-β1 are consistent with SMAD2/3 and p-SMAD2/3 in a number of studies (39, 40) . Cathepsin B has been reported to affect the activation of TGF-β1, and cTSS has been proposed to regulate the activation of TGF-β1 (41, 42) . Compared with group M, the expression of TGF-β in Mi group increased significantly, while the expression of Smad2 and smad3 did not change significantly. The exception of the Mi group indicates that, in addition to directly affecting phosphorylation of SMAD2/3, the downregulation of CTSS may also have an indirect effect on SMAD2/3 by modulating the expression or activation of TGF-β1 (9,43). in the in vitro experiments, TGF-β1 was used to stimulate TCMK-1 tubular epithelial cells to construct a cell fibrosis model. Following TGF-β1 stimulation, increased cTSS expression was accompanied by ECM deposition and increased EMT. The opposite changes occurred after siRNA-CTSS treatment. These results indicate that cTSS can affect fibrosis from both eMT and ecM in vitro. inhibition of cTSS expression aggravates fibrosis and this is consistent with the conclusion of the in vivo experiment.
in conclusion, the present study demonstrated that cTSS serves an important role in the fibrotic process of hydronephrosis. CTSS may not only mediate the degradation of ECM, but also participate in the regulation of EMT and the TGF-β1 signaling pathway. Therefore, CTSS may serve an important role in antifibrosis treatment.
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